The electrical and optical measurements were performed after the laser definition step, to test the uniformity of the device. All the measurements were performed at room temperature without heat sinking using a pulsed current source (200 ns pulse width, I O kHz repetition rate). Light was coupled out from the array through the substrate side.
most probable (MP) threshold current of 6 4 m A and M P output differential quantum efficiency (DQE) of 8%. The spread is about 18% for the threshold current and about 30%
for the DQE. The spatial lasing mode characteristics were measured by imaging the lasing near (NF) and far (FF) field distributions on a video imager (inset of Fig. 3 ). The results of the measurements on 49 lasers regularly sampled over the array are summarised in Fig. 4c . The lasers are lasing in a single spatial mode for a current range exceeding twice the threshold current. The measured lasing N F full width at half maximum (FWHM) is 11 pm and the FF angular FWHM is 4.6", indicating lasing in a diffraction limited TEM,, Gaussian spatial mode. The electrical performance measurements are summarised here. The resistance of each of the n+ columns (top t o bottom) is 240R. The intercolumn isolation resistance is better than 0.5MR. The current against voltage measurements on 50 lasers showed a mean series resistance of 28R (Fig. 3) . The 438 ~ ~ .~ threshold voltage, was 3.8-5 V, depending of the distance between the laser and its n -contact pad. Finally, the matrix addressing was verified by randomly activating lasers by selecting their row and column terminals.
In summary, a n integrated 2-D array of a 1024 vertical cavity surface emitting laser array was successfully fabricated and tested. The electrical and optical characteristics of the lasers were found to be fairly homogeneous over the array 
CO D I N G TO ALLEVIATE I NTE R M 0 D U LATlO N DISTORTION I N COHERENT OPTICAL FSK SINGLE-OCTAVE S C M SYSTEMS

Indexing terms: Optical communications, Multiplexing, Codes and codinq
For a coherent optical single-octave SCM system, the number of channels that can he located within a given optical band is a major concern. A theoretical analysis of the FSK single-octave SCM system employing Reed-Solomon codes to increase the number of channels is presented. The example shows that by using a (256, 192) rate 3/4 ReedSolomon code, the number of channels can be increased threefold and the influence of intermodulation distortion can also be greatly reduced. digital channels using coherent techniques.' For a coherent SCM system, the intermodulation distortion (IMD) is a fundamental characteristic of the modulation/detection process and therefore imposes a limit on the obtainable receiver sensitivity; from another point of view, for a given receiver sensitivity, the number of channels is restricted. We theoretically investigate the benefit of applying coding to a coherent optical frequency-shift-keying (FSK) single-octave SCM system. A general expression of the number of channels N is derived in terms of carrier-to-noise ratio (CNR), receiver sensitivity, and code parameters, It is shown that coding can be used to effectively alleviate the impact of IMD; thus more channels can be located into a specific optical band.
System description and analysis: Fig. 1 shows a schematic diagram of a coherent SCM system with N channels. When the channel crosstalk is negligible and the local oscillator (LO) power is large enough to suppress thermal noise, the CNR of channel i is given as'
where A = 0,5R2PLoP,, R is the responsivity, PLO is the LO power, P, is the received signal power, e is the electron charge, b is the phase modulation (PM) index, E,, is the bandwidth of the I F filter, the factor h, represents the fraction of the I M D power that passes through the I F filter and equals 2/3 for a ideal rectangular signal spectrum, and k,(i) is the number of I M D and can be expressed as
For a single-octave SCM system, every channel has almost the same performance in our analysis. In the following derivations, we consider the CNR of the central channel Note that the left side of eqn. 4 is a monotonically increasing function of N when N > 5/3, which is the case of practical interest. We can thus maximise N by optimising 8, when P, and p are fixed.* Differentiating the right hand side of eqn. 4 with respect to and set to zero, the following is obtained:
Therefore, for an uncoded system, the maximum value of N is For the coded case, the parameter EJN, may be used as a measure of system quality instead of CNR, where E , is the energy per bit and N , is the height of the (white) noise power spectrum. We assume that the CNR can be approximated as Eb/N, in following analysis. ' Suppose the noise is Gaussian distributed and a code of rate r is used for which the coding gain is G. The required CNR becomes p/G. Hence, eqn. 3 can be modified as
Substituting eqn. 5 into eqn. 7 and solving for N
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Numerical example: We assume a 100Mbit/s FSK system requiring a bit error rate (BER) of and adopt the following parameters:' p = 18dB, R = 1 A/W, B,, = 120MHz, and P, = -40dBm; therefore, from eqn. 5, bop, = 0.27. The code rate r is chosen to be in the interval E,,/D I r I 1, where D is the channel spacing and is assumed to be 200MHz.l Therefore, r must be larger than 0 6 to avoid significant degradation from adjacent channel crosstalk. By substituting the above parameters into eqn. (6) we obtain N,,,,,,, = 9. By using a (256, 192) rate 314 Reed-Solomon code with a coding gain of 6.3dB2., (G = and r = 3/4) in eqn. 8, we obtain N,,,,, = 27. Fig. 2 shows the number of channels against received signal power for the coded system and the uncoded system at CNR = 18dB. It is found that the channel number can be increased threefold under the same receiver sensitivity and BER. 
Conclusion:
A general expression of a coherent optical singleoctave SCM system employing error control code to increase the number of channels is derived in terms of received signal power, carrier-to-noise ratio, and code parameters. As an example, by using a (256, 192) Reed-Solomon code in a coherent optical FSK single-octave SCM system, the number of channels can be increased threefold. Therefore, coding can be used to effectively combat intermodulation distortion, and more channels can be located within an optical band. The optimisation of reaction temperature and time has been made in the oxynitndation of SiO, in N,O by evaluating its dielectric properties at a constant current stress. It is found that N,O-oxynitrided SiO, films are much improved in both charge trapping density and charge to breakdown when the optimum oxynitridation process (02, I IWC, 5 s and following N,O, 1200"C, 25 s) is chosen.
In the near future, the preparation of highly reliable thin (<lOnm) SiO, films becomes one of the critical factors in realising deep sub-0.5 pm MOSFETs and scaled nonvolatile memories such as EPROMs and EEPROMs. In the last decade, thermal nitridation of S O , films in NH, has been studied as an alternative for gate and tunnelling insulators because of the reliability problem of thin SiO, film.1.2 T o improve long-term reliability of thin SiO, film, reoxidation of NH,-nitrided SiO, film has attracted much attention.'-' We have recently achieved for the first time a method of forming highly reliable nitrided SiO, without NH,.6,7 This process consists of the combination of in situ oxidation with 0, followed by in situ oxynitridation with nitrous oxide (N,O) by rapid thermal processing (RTP). By this process nitrogen of about 5 atomic % can be introduced at the SiO,/Si interface.
These N,O-oxynitrided SiO, (SiO,N,) films show smaller changes in interface trap states and lower charge trapping densities as compared to those of pure SiO, films. As a result, a large charge-to-breakdown value ( > 30 C/cm2) under the condition of negatively-biased gate can be achieved.
The purpose of this work is to examine the detailed correlations between electrical properties and oxynitridation conditions. It will be demonstrated that by proper nitridation, the dielectric reliability of thin gate SiO, films can be greatly improved.
SiO, and SiO,N, films were formed on 3-5Rcm, p-type (100) Si, 5 inch wafers after the standard cleaning procedure reported elsewhere.' Dielectric films were formed in an RTP chamber equipped with tungsten-halogen lamp heaters and with an oil-free high-vacuum pumping system. Table 1 shows the process sequences employed. The total film thickness was defined to be the sum of the first thickness (Toxi) after oxidation thickness (Tox2) after oxynitridation. For all samples, the 
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total film thicknesses ( = To,, + Tox,) were controlled to be lOnm k 0.3 nm. MOS capacitors were fabricated by depositing n t polysilicon films and by delineating the polysilicon films to have an area of 2 x 10-4cm2 on the dielectric films.
To determine the time-dependent-dielectric-breakdown (TDDB) characteristics of SiO, and SiO,N, films, electrons were injected, in the Fowler-Nordheim (F-N) region, from the gate electrode into the dielectric film at a constant current density (JeX = -100mAjcm'). High-frequency (1 MHz) capacitance/voltage ( C j V ) measurement was used to monitor flatband voltage ( V,,) in high-field stressing.
Gate voltage shifts, AVg, at constant current density are plotted in Fig. 1 Fig. 2 shows, the tendency of V, , , , , , on preparation conditions is close to that of dl/,ldF. Thus, it is noted that electron traps are generated to cancel the generated positive charge during high-field stressing. As seen in Fig. 2 , the values, V,scmux, and dVg/dF, can reduce with increasing the ratio, Tox2/(Tox, + Tor2) in both the oxynitridation temperatures, 1100°C and 1200°C. The effect of oxynitridation conditions on AV,, after 2 Ckm' injection and charge to breakdown, QBD, are shown in Fig. 3 . The amount of AVFB corresponds to the density of hole traps. Therefore, the effect of the AV,, on preparation conditions is similar to that of V,,,,,,, shown in Fig. 2 
